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Chemical analyses of sample s of forage crops such as alfalfa for the
presence of residues of organic insecticides consume much time, whether
the amounts of residue are estimated on the basis of chlorine content
or by colorimetric methods. To aid persons who may be collecting samples
of treated forage for this purpose, some of the results of studies made
in Maryland and Virginia during 1946, 1947, and 1948 are reported. One
objective of these studies was to determine the dependability of results
obtained from analysis of different nunfcers, types, and distributions of
samples taken from a treated area#

The residues found on alfalfa as reported in this paper were for the
most part the results of treatments for the control of the potato leaf-
hopper. They should not be considered representative of the amounts that
may be expected from dosages sufficient for good control of this leaf-
hopper for two reasons: (l) In most of the tests heavier dosages were
applied; and (2) the applications were made only a few days before the
crop was mowed instead of midway in the development of the crop, when
applications for leafhopper control would normally be made. As reported
by Smith et al. (^X wide differences in results were obtained, because
many factors influence the amount of residue found on treated forage*
They include formulation of insecticide, dosage rate, method and
uniformity of application, type of growth treated (height and density of

stand), amount and uniformity of growth prior to and after treatment,
weathering, harvesting conditions and methods (amount of leaves lost and
moisture content), method of sampling, and length of time between
treatment and sampling. It is obviously impossible to evaluate
accurately all these factors individually*

Method of Analysis

The results reported in this paper are all based on the determination

of organic-chlorine residues in comparable samples of treated and

untreated hay. In this procedure a weighed amount of hay was put into a

2 # 5-gallon wide-mouth glass jar, and to this was added enough benzene

1/ The authors are gr«t«ful to P. E. Hubanks, A. C. Hezen,
F. I. ^drrrrds, Paul Giang, and the late C. E. Eckenrode for assistance

in the chemical analyses.
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(1000 to 1500 ml.) to allow considerable free liquid. The jar was then
put in a tumbling machine and rot a v., .•<?nerally for about 1 b BT« IftOT

:*or a few minutes to drain, the free liquid was decant* jgh
filter paper, and measured. From 700 to 900 ml. could be easily
recovered from most samples. This benzene s* qg solution was
transferred to a 1-liter Erlenmeyer flask with ground-glass standard-
taper 2h/i*0 Joint, which was then connected to an upright solvent-recovery
condenser and the benzene distilled off on a steam bath and recover* I .

re-use. Approximately 100 ml. of 99-percent isopropanol a. to 5 grame
( or more) of metallic sodium were added to the residue, and tne re

mixture was boiled on a hot plate under a reflux condenser for
mately 1 hour. If all the sodium had reacted before the end of this time,
more was added. At the end of the hour unreacted metallic sodium was
oxidized by a small amount of 95-percent ethyl alcohol added tnrough tbi
top of the condenser. One hundred milliliters of water was added, and
the reaction mixture was transferred to a 400-ml. beaker, 10 ml. of
3O- percent hydrogen peroxide was added, and a considerable portion of the

alcohol and water removed by evaporation on a steam bath. The solution
in the beaker was then diluted to approximately 300 ml. with water.
Phenolphthalein indicator was added, the solution was then neutralized
with nitric acid, and 3 nil. added in excess. The solution was filtered
through fast quantitative filter paper, and the amount of chloride ion

determined by electrometric titration with standard silver nitrate.

To determine the uniformity and reproducibility of results, the

following experiment was conducted:

A portion of a bale of hay known to have a high DDT residue was
secured. Approximately 2 kg. of this hay was taken from one end of the

bale, mixed as thoroughly as possible without being ground mechanically,
then separated into four nearly equal portions, ranging in weight from

470 to 488 grams. Each sample was put into a jar, 1500 ml. of benzene

was added, and the jars were rotated for 1 hour. Aliquants of i-

mately 700 ml. were taken, and the same amount of fresh benzene was put

into each jar. After another hour's rotation, another aliquant of about

700 ml. was taken from each jar and replaced by the same amount ^ .' fresh

benzene. After another hour's rotation a third aliquant of the sane size

was taken from each jar. A similar procedure was carried out with samples

of approximately 200 grams each and 1000 ml. of benzene.

- •iiquants were analyzed separately, and the residue was calculated

from the first aliquant and from the three aliquants plus the amount

cal< -fining in the jar. Provided all the DDT wa? • -ution

rlgina] 1500 ml. of benzene, the first aliquant, of 700 ml.,

.3 percent in th« jar. «hen
- was added and mixed, the second aliquant rtaorc . . . . 1 :- ent

..; percent, leavi:. .. -nt st: - >r.
and mixed, the third aliquant

^nt, or I . leaving 15.1 percent

|
ir. Thus * it! removed SU.9 pt>

I
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The results are reported in table 1. Since closer agreement was
obtained when approximately 200 grams of hay and 1000 ml. of benzene
were used, this procedure was adopted as standard, and the results
reported in this paper were calculated from the first aliquants.

Table 1»—Organic-chlorine residues recovered from
alfalfa hay by single and successive strippings

Weight of sample
From first
stripping

From successive
strippings

Grams

470
472
487
4S8
203
205
225
217

P. p.m.

94.3
91.3
94.5
90.2

94,7
99.5

115.2
97.2

P. p.m.

101.2
103.5
102.5
99.9
96.5

100.6
116.5
97.7

Methods of Sampling

Many agronomists rely on samples of forage taken from 2.5-by-5-foot
areas. These areas are usually taken at random in the field and are
delimited by means of a wooden frame made of light-weight lumber. An
effort was therefore made to analyze enough samples of this type to
determine the variation involved and the number of samples required to
obtain reliable results. In 1947 samples for this purpose were taken
from alfalfa which had been treated with 2.4 pounds of DDT per acre in
aerosol form. The aerosol machine treated a swath 24 feet wide. Five
samples were taken at each of six locations, one between the wheel tracks
of the truck upon which the aerosol machine was mounted and two on each
side spaced equidistantly between each other, the outer wheel track of
the truck, and the outer edge of the swath. The results of these analyses,
as shown in table 2, emphasize the variation obtained in determining
residues on treated forage. Samples 1 to 5 were taken from right to left,
so that the samples given the same number at each location were treated
by the same nozzles. Each location from which a collection of five
samples was taken was selected from what appeared to be a uniform stand,
although there usually was considerable variation in stand and in height
of the plants.

In 19*+!5 similar samples were taken from are»e to which different
iorP,ree of D3T had boen a-pnlied with a weed mrayer having ft 30-foot
boom. Five 12. p- square- foot samples were taken at each of four

locations in one area and at each of two locations in another. Samples
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to as composite also taken. «1
wo to fiv i each of 12 to 20 or more locations

in the area to be sampled, and the amount
was approximately equal to that ol . . - -foot

If. The amounts of residue found are al so s/ -

led only 2 days after re was less « .on in
the amounts of residue dt • i from .< les than in 19-
even though the stand was much less uniform. Howen p, the area san: I

in 1947 received 2.4 pounds of DDT per acr» after
.tment. As shown in table 2, the amounts of residue obta,

the individual samples ana from the sets of samples taken I ferent
locations in each area varied widely.

The amounts of residue obtained from the composite samples were
compared with the amounts found in the 12,5-square-foot samples :r

.3 th^it had received the same dosage of DDT, (See tables 2 and 3«)
In 7 out of 10 comparisons the residues from the composite samples were

vter than those from the 12, 5- 3 quare-foot i MB ar>- .

In these 10 comparisons the composite samples
.

i an average of
97,- . . ~, as compared with 68,4 p.p«x.. from the samrles taken on an

area basis. The explanation for this appears to be that coll- of
composite samples unconsciously select the more ent plants, -

apparently receive more spray than the smaller ones that may be shelter

to some extent. This point is best illustrated (table 3) —
" 3

reported for samples collected October 8, only 2 days after treatment.

Formulations

'rfhen DDT is applied at equal rates, more residue remains on I

forace to which it has been applied as an emulsion than as a dust or a

wettable-powder suspension. For example, in 1946 some 4-square-rod riots

of Ladino clover were treated with different formulations i with

hand equipment. Samples of forage from the plots treated with a -

suspension of wettable powder at the rates of 0,5 and 1 pound ol

acre yielded and 3»2 p,p,m. of

with an emulsion at rates of 0,4 and C.8 pound of *r acr-

9.0 and 20,6 p. p.m. ; and samples from plot? with

at the rate of approximately 0,8 pound of r acre
.

....
The »is pensions * ....
wettatlc DDT powder to 1 gallon of water. alsion w-,s made

• 0.3 pound of t

g 0.5 ne» (con

. ic and an -dkylated cresol), and water . e 1 ga.

Thi.-i formulation was diluted as to ot

• the rate of 10 gallons per tore,

made - md U.- I
were co lie c

,fcj r < jn t
but the total amounted to only

rop(i ri amount ige) was below

to the -. Mi
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Table 2.—Analyses of samples of hay made from alfalfa treated with DDT
applied by field machines. Beltsville and Olney, lid,, 1947 and 1948

Date of — DDT
per acre Sample si/

DDT resid
•

ue

Treatment Collection Hange Average

Pound s Number

Aerosol, 1947

P. p.m. P.P.m.

August 4 August 18 2.4 5 125.0 -

48.0 -

2.6 -

40.8 -

42.4 -

95.C -

205.C
152.6
272.2

335.4
304.6
270.0

160.1
91,2

145.7
155.6
150.4
218.0

Av. 153.5
Emulsion, 1948

July 10 July 12 1 5 94.0 -

78.4 -

66.6 -

146.2
108.8
80.6

. 119.1
90.2
71.4

1 4 2/ 39.2 - 141.6 84.6

32/ 54.8 - 86.4 73.6
Av. 91.6

July 13 July 19 0.5 5 7.7 -

4.2 -
17.4
13.0

12.6
9.4

22/ 18.8 - 32.8 23.8
August 16 August 24 .49 2 2/ -

.34 32/ 0.6 - 9.7 4.6

1/ All samples taken from 12.5-square-foot areas unless otherwise noted.

2/ 5 samples were collected, but 1 w&s lost in the process of analysis.

2/ Composite samples.
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unas .z . P. O.K. .B. r'.; .:
, P.p.B.

. ; > Get. 7 i/ 0.7! _ - 14.2 - ...... _

1 - - 10.0 - .. -

1.5 - - .8 - S.6 -

2 - - L .2 - ... . • 1 -

. 3 Oct. 7 .75 15.6 - 27.0 21.3 IS. - 46.2 .7 •
-.0

1 19.4. - 25.0 .
. .; 18.8 -

- . . .1 . . .1

1.5 62.6 - 79-2 70.9 40.0 - 5^-

2 25.2 - 33.3 .0 ... - \"
•

-•

. 6 Oct. a
i/ 0.7^ 78.0 - 124.6 100.0 .• 7.. • 17.3

1 1U.4, - 196.0 7.0 5V.8 - 20^.6 .7 . -5.8

1.5 195-4. - ;- - 47.8 •

- - . hi. . .;

«. 162.0 - 236.2 205.2 86.: - 176.!

1/ 3 samples for each dosage.

. Ml r each dosf-ge.
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Dosage

Other factors being equal, the amount of residue remaining on the
forage at harvesttime would seem to be directly proportional to the
amount of DDT applied to the crop if no run-off is permitted. Some
results obtained in these studies do not bear out this premise. Two
samples taken on October 20 from hay made from alfalfa to which 0.6 pound
of DDT per acre was applied in aerosol form on July 29 averaged 8.3 p.p.m.
residue; two samples taken at the same time from hay made from alfalfa to
which 2.4 pounds of DDT per acre were applied in aerosol form on August 4
averaged 160 p.p.m. Since the heavier dosage was applied only 6 days
later than the lighter one, the shorter period of growth after the
heavier dosage was applied would not appear to account for the propor-
tionately larger amount of residue found. While these two lots of baled
hay were being fed to dairy cows, as reported by Shepherd et al.(2),
a small sample of the treated hay was saved each day and a composite of
these samples was analyzed each month with the following results: Four
samples of hay which received the heavy dosage contained from 74*2 to

134»5 p.p.m. and averaged 114, and four samples which received the light
dosage contained from 4.4 to 30.7 p.p.m. and averaged 15 p.p.m.

In another experiment an effort was made to correlate the amount of
residue on the hay with the amount of DDT applied to alfalfa in emulsion
form. With a sprayer specially constructed for applying emulsions
uniformly, DDT was applied to alfalfa at rates of 0.75, 1, 1»5, and
2 pounds per acre. The nozzles were spaced 12 inches apart on the boom,
and great care was taken during the spraying not to overlap or miss any
areas. There was some variation in t3ae delivery rate among individual
nozzles, but the application of the insecticide was uniform enough so

that the major variation in the amounts of residues obtained on the forage
could not be attributed thereto. Composite samples and samples on an area

basis were collected from these treated plots. The results of these

studies (table 3) are in contrast to results obtained when the applica-
tions were made by aerosol machine. In general, the residues obtained on

the forage were proportional to the amount of DDT applied, especially in

the tests in which the samples of forage were collected within 2 days

after the DDT was applied. Most of the effect of weathering and crop

growth were thus eliminated.

Tests were made to determine uniformity of application of the

insecticide by the specially constructed sprayer. Glass plates placed on

level ground at intervals across the sprayer swath were sprayed as the

machine passed over them with an emulsion to which a dye had been added.

The sprayed plates were then examined to determine the amounts delivered

directly under the hollow-cone nozzles as compared with the amounts

delivered to the areas between the nozzles.i/ It was found that a maximum

of approximately 10 percent more insecticide was applied between some of

the nozzles than directly under them.

1/ Acknowledgment is made to the Division of Forest Insect Investiga-

tions for making these readings.
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Loss of Residues in Harvesting

At Olney, Md. , on July 9 and 10, 1948, 6- lots of alfalfa wer»
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indicate that curing of forage and loss of leaves in baling and other
handling undoubtedly lower the residue content of hay made from treated
alfalfa. No progressive reduction in residues of any of these insecti-
cides during the storage period was noted.

Analyses of Peanut Forage

Ten samples of peanut forage were taken during the three seasons

1945-1947, from crops that had received three 20- to 30-pound treatments
with sulfur dust mixture containing 1 percent of DDT applied with a
4-row traction duster during the period July 11 to August 21 for control
of the potato leafhopper and peanut leaf spot. None of the samples
yielded any DDT, except one sample collected during 1946, which was
reported to have 3*3 p.p.m. A total dosage of 65 to 80 pounds per acre
during any one season was found to be effective. During some of these
tests a much heavier dosage was applied. The samples were collected
just before the crop was picked in November by taking small amounts of
the above-ground parts of the plants from several stacks on the replicated
plots. About 50 percent of the leaves are lost as the peanut vines pass
through the picking machine, and this loss undoubtedly reduces the
residue content, if any, of peanut hay.

Samples of peanut hay from plants treated in the seedling stage with
various formulations of organic insecticides for control of the tobacco
thrips ( Frankliniella fuse

a

(Hinds)) have yielded widely different amounts
of residue. Some of these differences were undoubtedly caused by varia-
tion in the dosages. The treatments were applied by means of hand equip-
ment and not easily regulated. At Holland, Va. , in 1946 no insecticide
residue was found in any of the five samples of hay taken from the plots,
some of which had received a 4-percent DDT emulsion on May 23, June 5, and
June 18. However, small plots of seedling peanuts at Beltsville, Md.,
given the same treatment on June 21 , July 3 and July 9, followed by
applications of a 2-percent DDT-pyrophyllite dust for control of the potato
leafhopper on July 30 and August 8, yielded 41 «0 p.p.m.

Nine other samples, one of which had received the 2-percent DDT-
pyrophyllite only, yielded from 2 to 75.6 p.p.m. The samples at Beltsville

(1 or 2 plants from each replicate immediately after digging) were
collected on October 10, whereas those at Holland were collected
November 12 from the stacks the day before the crop was picked. In

similar experiments during 1947, a season of heavy rainfall, the maximum
residue found at Beltsville (8 samples collected on October 1) was

4*9 p.p.m. as compared with 6.4 p.p.m. at Holland (5 samples collected on
November 23)» In 1948 five similar samples collected November 8 from
plots at Holland yielded no residue, and the maximum amount reported in
seven samples collected from plots which had received different treat-

ments at Beltsville was 6 p.p.m. All these plots received three applica-

tions of 1-percent impregnated DDT-sulfur dust on July 26, August 2, and

August 13 for control of the potato leafhopper in addition to the three

applications of various formulations on June 25, July 2, and July 12, for
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control of the tobacco thrips. Since about naif the foliage
ordinarily removed ty the ricking machine, these results in |

a contained insecticidal program for control of the tobaco . s and
the potato leafhopper on peanuts would not result in seriously hazardous
residues on peanut hay. Nevertheless, it would not ce I to feed
such hay to dairy animals or to neat animals being finished for
slaughter until more information is available on this point.

Dii cut-el

Residues on forage crops must be considered from several angles:
First, the uniformity ana amount of deposit on a growing crop, sine
is of importance in the immediate control of whatever insects are
prevalent at the time; second, the persistence of that deposit for
continued protection of the crop against those insects; anc third, *. I

amount remaining on the finished hay or forage after it has been cured
and stacked or baled ready for feeding to domestic animals.

In a comparison of the amounts deposited by different formulations
and me tiiod s of application, the amounts applied per unit area are obviously
of the most importance. Except in very uniform stands the amount of

vegetation per unit area varies greatly. More of the insecticide w:

sift through onto the ground in very thin, light stands than in thickj
heavy stands. The residues calculated in parts per million on a weight
basis will therefore show variations even though the output of the machine

was very uniform. Considering the variation in growth in different part-

of a field when and after an insecticide is applied, if the persistence of

the residue over a period of weeks is to be studied in relation to insect

control and residue hazards, samples taken on a representative area basis

would appear to be more dependable than those taken on a representative

plant or stem basis. Residues are generally calculated on a weight basis,

Lut can also be calculated in milligrams per square foot or pounds per acre

if samples represent a definite area.

These studies confirm many others which show that there is great

. ition in spray deposits at high dosage rates, but further study is

needed to determine definitely the number and size of saaple a rehired
to give a reliable answer to the question of how much resiaue is present

on forage. For practical purposes it is necessary to determine the

variation at high, medium, and low dosages in order to determine r -

number of samples required. The data presented in table 2 were subjected

to an analysis of variance by F. M. Wadley, formerly of this Bureau, with

the following results:

(1) Residues rtma ining after the aerosol tr»t— . ^» P*r &'

19^7 were much more variable than those result rom spraying (1 pcfl

~e) in 19UB. This is partly explained by the higher rate of applica-

i and deposit, since standard deviations are often proportional to the

mea: '-his type of material. The hi. r ans in the aerosol s«q:>-
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would lead one to expect a standard deviation perhaps twice as high as
in the spray samples, but it was actually over five times as greet. No
significant differences were shown for location or 3wath position of
these samples. With variation as shown in these studies more than 300
12.5-square-foot samples would be required to reach a figure that would
be within 10 p.p.m. of being correct.

(2) Both location and swath position in the spray treatment showed
significant differences, indicating that all parts of the swath should be
equally represented in the total sample. Every location need not contain
all parts of the swath, but for greatest efficiency numerous locations
should be represented by one or two 12 . 5-aquare-foot samples per location.
The analysis of the 19 samples taken at 4 locations indicated that the
mean (91»6) was within 20 p.p.m. of being correct. If single samples had
been taken from 20 locations under the same conditions as outlined above,
the mean would be within 11 p.p.m. of being correct 95 percent of the
time*

Area samples collected on a definite plan will perhaps be less subject
to the personal equation than area samples taken at random. Successive
samples for persistence studies should of course be taken from contiguous
areas.

Calculated on the basis of a yield of 1 ton of dry hay per acre, a
12.5-square-foot sample would yield 260 grams of dry hay, which is the
optimum amount for our laboratory equipment. If more material is submitted
for analysis than can be analyzed as one unit, it is difficult to divide
the sample so that each part will contain equal amounts of leaves and
stems. To divide a sample and analyze both parts more than doubles the
work of the analyst.

Samples of treated alfalfa consisting largely of stems contain
considerably less residue than samples treated similarly but having a
normal proportion of leaves and stems. Thus leafiness both at the time of
treatment and at the time of harvest is an important factor in the amount
of residues obtained.

Dry hay from stacks or bales has been mixed in harvesting and plant
identities are largely lost; samples should be of the composite type. A
large enough number of samples to adequately represent the residue on the

crop should be taken, each of approximately 200 grams if they are to be
submitted individually. The most appropriate time for taking the samples
would seem to be after the hay has been cut but before it has dried
enough to lose any leaves during the process of handling. If the field
or crop is so large that it is felt that 10 to 20 samples would not be
representative, more samples should be taken and composited. The composite

sample should be divided while green enough to prevent loss of leaves, as

reported by Laakso and Johnson (l).
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It . : >rt tflt that adequate untreated but otherwise coap&ratle
che~ plei be n -d, especially in experiment3 -here benzene hej -

chloride, chlordane, toxaphene, Liti other chlorinated compounds ^ve been
U3ed, since no positive -nethccs ar' I Lable for determining residues
of these compounds and the quantities present mu." stimated
basis of total chlorine present in treated and untreated samples. Check
samples should be taken far enough from treated ireei to "ivoid an7
contamination from drift, which is more than is usually realized.

Residues from schedules involving more tr.an one kind of chlorinated
insecticide can be reported only in terms of org;-- ^orine , as each
insecticide has a different conversion factor.
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